Background: ACE angioedema has not been characterized in comparison with angioedema from other causes in acute hospitalized patients. Methods: We retrospectively compared ACE-angioedema and non-ACE angioedema patients from January 2013 to May 2017. Results: Of 855 cases screened, 575 met the inclusion criteria of angioedema diagnosis and an electronic medical record. Of these, 297 (51.7%) had ACE angioedema and 278 had angioedema from other causes, of these 31 who were taking an ACE inhibitor that was not considered to be the cause of angioedema (ACE other cause). At least 80% of cases in all groups were African American. Epinephrine was prescribed in 21% of ACE angioedema cases. One-third of patients in all groups were admitted to the ICU, and about 25% required intubation. Previous history of ACE inhibitor-induced angioedema was found in 63 of 278 non-ACE cause angioedema patients (23%) and in 23 (8%) in the ACE cause group. Conclusion: ACE angioedema was the cause of half of angioedema admissions over a 4.5-year period. Mortality, morbidity, and treatment did not differ between the groups. Patients on ACE inhibitors were often treated with medications known not to be effective for ACE angioedema. Over one-fourth of patients not taking an ACE inhibitor had a previous history of ACE angioedema, and 31 patients taking ACE inhibitors were diagnosed with non-ACE angioedema. Regardless of the etiology of angioedema, 25% of patients required airway protection in the form of intubation.
Introduction
Angiotensin-converting enzyme (ACE) inhibitors are effective and are widely prescribed in the treatment and prevention of complications of hypertension, diabetic small vessel disease, and heart failure [1] . Along with their proven benefit, ACE inhibitors have been associated with one-third of all hospitals visits for angioedema [2] , a rare [3] but potentially life-threatening side effect [4, 5] . ACE inhibitorinduced angioedema has been reported to occur more frequently in patients with specific risk factors, including African American race, those over 65, women, tobacco users, and those with a history of allergic rhinitis [6] .
The distinction between ACE-induced angioedema and allergic angioedema is not always straightforward in the emergency department. Histamine-mediated angioedema responds to epinephrine, glucocorticoids, and antihistamines, whereas treatment of bradykinin-induced angioedema is discontinuation of the drug and acute airway management if indicated for both conditions [2, 6] . ACE angioedema has not been characterized in comparison with angioedema from other causes. Therefore, we sought to compare patient demographics, treatment, and outcomes for ACE inhibitor-induced angioedema with angioedema from other causes in our regional health-care system.
Materials and methods

Selection of participants
This retrospective comparative study was approved by our institutional review board. Eligible patients were those admitted from the emergency department with angioedema or developed angioedema during the hospital course between January 2013 and May 2017 across a multisite medical system in the mid-Atlantic region including nine acute care hospitals. The electronic medical record data abstraction tool included demographics, etiology of angioedema, treatments, clinical outcomes, and intensive care unit (ICU) admission and intubation. The data abstractors used Excel for data collection and were not blinded to the purpose of the study. The lead investigator confirmed approximately 30% of the data for internal validity. Eligible patients were identified using the ICD-10 code for angioneurotic edema (T78.3XXA) and adverse event from ACE inhibitor (T-46.4X5A) and the ICD-9 codes for angioedema (995.1) and adverse event from ACE inhibitor (E942.9). The swelling of lips, mouth, and face were confirmed in the diagnosis of angioedema in the chart. We included patients with an electronic medical record where angioedema was the index condition on ED presentation or developed during the hospital course. We classified the admission as ACE inhibitor-induced angioedema if ACE inhibitor allergy was added to the medical record. Angiotensin receptor blocker (ARB) angioedema was included in the ACE group.
Analysis
Descriptive statistics are presented using frequencies and percentages for categorical variables and using means and standard deviations for continuous variables or median and interquartile range for skewed data. Comparison of categorical variables was conducted using chi-square test or Fisher's exact test for small numbers. ANOVA or nonparametric Kruskal Wallis test for skewed data was used for continuous variables. Analysis was done using SAS 9.4.
Results
Of 855 patient records screened, 575 cases of angioedema as index condition and complete data were identified. Of these cases, angioedema was from ACE inhibitor use in 297 (53.7%) and from non-ACE cause in 278 (48.3%) ( Table 1) . Of these 278 non-ACE cases, a subgroup of 31 cases were on an ACE inhibitor but the ACE inhibitor was not considered to be the cause of angioedema. Of the 297 cases categorized as ACE inhibitor-induced, 93% were on lisinopril and 4% on an ARB (n = 12). Of 228 patients in the no ACE inhibitor group, 62 (27%) had previous history of ACE angioedema (Table 1) . Age was significantly higher in the ACE cause group. African Americans made up over 80% of the study population in all groups and 45% of the total admissions in the study period. Use of epinephrine was statistically higher in the non-ACE group (Table  2) . There was no identifiable cause of angioedema for most cases in the non-ACE group (Table 3) . There was no difference between groups for admission to the ICU or intubation (Table 4) .
Of the 575 cases of angioedema, 538 were unique patients. In the ACE inhibitor group, 12 of 291 patients had a second incidence of angioedema, 6 after reexposure to lisinopril and 6 from non-ACE cause. One patient with ACE angioedema returned within 6 months, suggesting possible delayed response to the original exposure.
Discussion
In this study, ACE inhibitor-induced angioedema represented half of angioedema admissions over the 4.5-year study period. About a third of cases in all groups required an ICU bed, and roughly a quarter of patients required intubation. Despite expected differences in demographics, the treatment and outcomes of ACE inhibitorinduced angioedema were similar to those in non-ACE angioedema. However, ICU admission for the specific indication of angioedema was statistically more common in the ACE-group. In this study, physicians often prescribed medications that are known not to be effective for treating ACE-induced angioedema. This finding may suggest that the difficulty of making a definitive diagnosis and limited time to act leads providers to over-treat for ACE-induced angioedema.
Our study was not designed to evaluate the incidence of angioedema among African Americans. However, blacks made up a substantially higher percentage in all groups compared to the overall population. In this study, over 95% of the documented indications for ACE inhibitors were for hypertension. Although ACE angioedema is rare, this finding supports consideration of alternate medications such as angiotensin receptor blockers to avoid the potential for angioedema from ACE inhibitors, especially in high-risk patients [7] .
There are inherent limitations in using ICD-9 and ICD-10 codes to find all angioedema cases [5] . Abstractors were not blinded to the study question, but criteria were strictly defined to avoid subjective interpretation. Also, lisinopril was used almost exclusively in the ACE inhibitor patients. Therefore, the findings may not be generalizable to other ACE inhibitors.
In conclusion, ACE angioedema was the cause of half of angioedema admissions over a 4.5-year period. Mortality, morbidity, and treatment did not differ between the groups. Physicians treated ACE inhibitor-induced angioedema like angioedema from other causes, showing the difficulty of distinguishing between the two conditions. Although ACE inhibitorinduced angioedema is rare, alternative equivalent treatment for hypertension should be considered, especially in groups at greater risk for angioedema. The current data suggest that angioedema poses a significant risk to patients regardless of the etiology in that 25% of patients required airway protection in the form of intubation. 
